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 In the last two decades, there has been a significant increase in the use of plant fibers for 
making an environment friendly composite materials due to threats of uncertain petroleum supply 
in the near future and great concerns for greenhouse gas emissions. Plant fiber typified by kenaf 
bast fiber has advantages such as carbon neutral, low cost, biodegradability, low mechanical 
abrasion resistance, low density, etc. compared with conventional reinforcing fiber such as glass 
fiber and carbon fiber . In addition, plant fibers have flammability and biodegradability, and it is 
possible that final disposal by incineration and landfill is possible, which is greatly different from 
glass fiber, carbon fiber and the like. Therefore, plant fiber reinforced composite materials are 
expanding their share to building materials, aircraft and automobile industry. 
  The use of vegetable fibers as reinforcing fibers is beneficial not only from the environmental 
protection point of view but also from the viewpoint of excellent mechanical properties. For 
example, the elastic modulus of hemp, ramie and kenaf is comparable to that of E glass fiber and 
its specific strength is also relatively large. Most of conventional research focuses on improving 
the mechanical properties of composite materials by complexing vegetable fibers with 
thermoplastic resin or thermosetting resin after surface treatment. In general, the tensile strength 
and elastic modulus of the composite material are improved by adding the plant fiber, but the 
elongation at break is greatly reduced. As a result, there arises a problem that the boss is brittle 
fractured when screwing the composite material product. Therefore, it is necessary to pay 
attention not only to the rigidity and strength of the material which has been emphasized in 
previous studies but also toughness and other characteristics. 
  Conventionally, in the spinning process, a chemical treatment method called mercerization 
has been used to remove the hemicellulose and lignin contained in the lignocellulose fiber and 
change the structure of the fiber cell wall, thereby improving the glossiness and coloring property 
of the fiber. It has also been reported that the fracture elongation of ramie fibers and bamboo 
fibers is improved by mercerization, but research on mercerization of kenaf fibers has barely been 
conducted. 
On the other hand, a basic fiber cell of kenaf has a hollow structure called a lumen in its center. 
When a kenaf bast fiber having such a structure is compounded with a polymer matrix, voids can 
be included in the composite material. As a result, addition of kenaf bast fiber improves not only 
the mechanical performance of the composite material but also the insulation effect. 
  Based on the above problems and ideas, in this study, we developed a kenaf bast fiber / 
polymer composite material with toughness and heat insulation utilizing the characteristic 
structure of kenaf bast fiber cells. It aimed to present new applicability of fiber containing polymer 
composite material. First, in the first chapter, the above research background is described and the 
purpose of this research is described. 
In the second chapter, we focused on the cell wall structure which influences the mechanical 
properties of kenaf bast fibers, and found out the condition of mercerization realizing the 
toughening of kenaf bast fibers. In order to find the condition of mercerization, the kenaf bast 
fibers were treated with NaOH aqueous solutions of different concentrations and the mechanical 
properties of the fiber were investigated. As a result, it was revealed that when the NaOH 
concentration is 15 wt% or more, the fracture strain of the kenaf bast fiber increases greatly with 
increasing the concentration. Therefore, in order to improve the toughness of the kenaf bast fiber, 
it is necessary to select the NaOH concentration of 15 wt% or more. Furthermore, the crystal 
structure and chemical composition of alkali-treated kenaf bast fibers were investigated. When 
the NaOH concentration was 15 wt% or more, the crystal system was transformed to type II and 
the degree of crystallinity was also decreased in spite that the weight loss of the fiber hardly 
changed. It is considered that hemicellulose and lignin on the cell wall are removed and the 
crystalline structure of cellulose is changed so that deformation of microfibrils easily occurs and 
fracture strain increases. 
In the third chapter, based on the results of chapter 2, composite materials composed of 
mercerized kenaf bast fibers and polystyrene were prepared by extrusion molding and injection 
molding, and their mechanical properties were clarified. It was found that the elastic modulus of 
the kenaf bast fiber reinforced polystyrene slightly decreased due to an increase in NaOH 
concentration, but the tensile strength increased conversely. The fracture strain and toughness of 
the composite material using kenaf bast fiber treated with NaOH of 15 wt% or more improved 
with increasing the concentration. Further, by using the treatment with the silane coupling agent 
in combination, the interfacial adhesion of the composite material was improved, the tensile 
strength, the elastic modulus, the fracture strain and the like were increased, and the toughness of 
the composite material was greatly improved. 
In chapter 4, we focused on the characteristic structure of plant fiber cells, lumen, and 
developed a kenaf bast fiber / polyethylene composite material with excellent insulation effect by 
utilizing the hollow structure. Regardless of the difference in molding process such as solvent 
method and extrusion molding method, the thermal conductivity of the composite material 
decreased with increasing fiber content. Moreover, by changing the molding process, it was 
possible to prepare a composite material having different porosity contained therein. When 
compounding with polyethylene that maintains the hollow structure derived from the lumen of 
kenaf bast fibers using the solvent method, the thermal conductivity of the composite material 
with a fiber content of 50% decreased to 2/3 of polyethylene. 
The fifth chapter summarizes chapters 2, 3, and 4 as a summary and describes future prospects 
for research. 
